L cells (mouse fibroblasts), uninfected and infected with Chlamydia psittaci (meningopneumonitis strain), were labeled with "C-amino acids, and their membranous organelles were separated by isopycnic equilibrium centrifugation of whole cell homogenates on discontinuous sucrose density gradients. Incorporation of labeled amino acids into host and parasitic proteins was differentiated on the basis of susceptibility to cycloheximide. Twenty hours after infection with C. psittaci, incorporation of newly synthesized proteins into the internal membranes of L cells was almost completely inhibited, and internal membranes made prior to infection were altered or destroyed. The unit membrane that at all times surrounds the cytoplasmic vacuole containing the multiplying chlamydiae was made by the host from membranes or membrane precursors present before infection. No proteins synthesized by C. psittaci became associated with host cell membranes. Destruction or modification of the internal membranes of the host cell may be an integral part of the chlamydial developmental cycle.
The growth of Chlamydia psittaci in a susceptible host cell brings about many metabolic (8, 9, 15, 17) and structural (7, 10) changes. The internal membranes of the host are altered and new membranous structures appear. One such structure is the cytoplasmic inclusion vacuole which is bounded by a continuous unit membrane (4, 7, 10, 13, 16) within whose confines the chlamydiae remain throughout their developmental cycle. In this cycle, phagocytosed small chlamydial cells differentiate into large vegetative cells which multiply by repeated binary fission before reorganizing back into small infectious forms (7, 10) . C. trachomatis undergoes a comparable developmental cycle, also within a membrane-bound cytoplasmic inclusion vacuole (10) . Many other intracellular parasites, such as rickettsiae (4), grow free in the cytoplasm of their hosts without the interposition of a surrounding membrane. Late in the developmental cycle, host cell membranes appear disorganized in electron micrographs (7) , and lysosomal enzymes are released (12) . It has been suggested that the release of lysosomal enzymes plays a role in host cell injury and death in chlamydial infections (11, 12) . The purpose of this investigation was to study the formation and destruction of internal cell membranes in L cells infected with C. psittaci and to correlate these events with the developmental cycle of the parasite.
MATERIALS AND METHODS L cells and C. psittaci. L cells (mouse fibroblasts) were grown in suspension culture at 37 C (20) in medium 199 containing 5% heat-inactivated fetal calf serum, 0.1% sodium bicarbonate, and 200 Ag of streptomycin sulfate per ml. L-cell suspensions were infected with the meningopneumonitis strain of C. psittaci by the procedure of Tribby and Moulder (21) . The infecting dose was sufficient to produce chlamydial inclusions in more than 95% of the L cells. STE buffer. This is an isotonic buffer that minimized aggeregation and decomposition of subcellular structures during homogenization (3, 18 jectives of this investigation. The position of chlamydial cells on the discontinuous sucrose gradients was predicted from their densities as determined by centrifugation of "IC-labeled, purified C. psittaci cells on continuous Renografin gradients as described by Friis (7) .
Isotopic labeling. L cells were labeled with "4C-amino acid mixtures (New England Nuclear Corp., Boston, Mass.). The mixtures contained the following amino acids in approximately equal concentrations and specific activity:
-tyrosine, and L-valine. The average specific activity was 0.61 mg/mCi. Two sets of labeling conditions were used. In the first, L cells were infected with C. psittaci and suspended in growth medium. Then at 0, 10, and 20 hr after infection, 0.2 MCi of the 14C-amino acid mixture per ml was added to the infected L cells, and incorporation was allowed to proceed for 10 hr. Comparable suspensions of uninfected L cells were similarly labeled. In the second, uninfected L cells were grown in complete growth medium for three generations in the presence of 0.2
UCi of "4C-amino acids per ml and then transferred to unlabeled growth medium for 24 hr prior to infection. Portions of the prelabeled L-cell suspensions were retained as uninfected controls. Protein synthesis was measured in terms of incorporation of "4C-amino acids into a heat-stable trichloroacetic acid-insoluble form. Samples collected from the discontinuous sucrose density gradients were precipitated, collected, and counted as described by Alexander (1 ACi/mI) for 10 hr. To another portion of the same L-cell population was added 5 ug of cycloheximide per ml 2 hr before addition of the "4C-amino acids (UNINF, CYX). At the end of the labeling period, both populations were homogenized, centrifuged on discontinuous sucrose gradients, and fractionated for assay of "4C-incorporation. 7he top of the gradient is to the right. 7he numbers refer to the bands described in Fig. 1. antibiotic appeared in band 5 and may have represented unincorporated label trapped in whole L cells and aggregated debris.
Incorporation of labeled amino acids into the proteins of membranes from infected L celis. The distribution of "4C-amino acids in profiles of L cells labeled 0 to 10 hr after infection was not significantly different from that of uninfected host cells. However, in the interval of 10 to 20 hr after infection, several differences appeared (Fig. 3) . In the absence of cycloheximide, amino acids were still incorporated into the proteins of L-cell membranes, but the distribution of label in bands 1 through 4 was different from that in uninfected host cells. The relative increase in incorporation into band 4 and the shift of its peak toward a higher density represents the appearance of chlamydial cells with labeled proteins. When cycloheximide was added, there was no incorporation of amino acids into the proteins of bands 1 through 3, indicating that proteins synthesized by C. psittaci did not become associated with internal host membranes. In the presence of cycloheximide, the chlamydiae-containing band 4 peaked at a higher density than when it was absent, sugtesting that the antibiotic in some way speeded the differentiation of the large chlamydial cells into smaller, denser ones. This effect was not seen later in the developmental cycle, when differentiation was nearly complete (Fig. 4) .
At 20 to 30 hr after infection, C. psittaci completely inhibited incorporation of 1C-amino acids into the membranous organelles of infected cells (Fig. 4) , and the profiles of incorporation were almost the same whether cycloheximide was present or not. Nearly all of the incorporated label appeared in band 5, where the small chlamydial cells predominant at this late stage of the developmental cycle would be expected to appear. As in the 10 to 20-hr period of incorporation, parasite- added to infected L-cell suspensions 20 to 30 hr after infection, and the 60% sucrose layer was used. Otherwise, the experiment was carried out as described in Fig. 3 .
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Stability of the proteins of L-cell membranes after infection with C. psittaci. The observations just described raised two possibilities that were tested by using L cells whose proteins had been labeled with 14C_ amino acids before infection with C. psittaci. These possibilities were that the internal membranes of the host not only cease to be synthesized but are also either altered or destroyed late in the developmental cycle, and that the unit membrane surrounding the chlamydial inclusion vacuole may be assembled from membranes or membrane precursors present in the host cell at the time of infection. The fate of the proteins of the membranous organelles of L cells prelabeled with 14C_ amino acids was followed for 30 hr after infection with C. psittaci (Fig. 5) . Figure 5A shows the distribution of label in bands obtained by centrifuging a homogenate of uninfected prelabeled L cells 20 hr after another portion of the same population had been infected. A similar profile was obtained at 30 hr. Bands 1 through 4 were labeled in approximately the same proportion as in the uninfected L-cell profile shown in Fig. 2 . At 20 hr, the main effect of infection was a decrease in the label in band 4 and an increase in band 5 (Fig. 5B) . By 30 hr after infection (Fig. 5C) , the changes only barely apparent at 20 hr had progressed much further. Bands 2 through 4 had virtually disappeared, showing the destruction or modification of the membranous structures previously found in these bands, whereas the label in band 5 had greatly increased. In experiments not described here, it was established that the increased labeling of band 5 at both 20 and 30 hr after infection was due in part to the degradation of host protein and its recycling into parasite protein and in part to the accumulation of aggregated products of host membrane destruction. Although the label in band 1 (Fig. 5C membranous structures by the host cells or in the stability of membranes already present at the time of infection. However, after the 20th hr of-infection, the time at which large multiplying chlamydial cells first begin to reorganize into infectious small forms, the synthesis of new membranous organelles was brought to a halt, and preexisting structures were broken down or altered much more rapidly than in uninfected cells. These effects of infection with C. psittaci are undoubtedly different manifestations of the previously reported inhibition of host protein synthesis (2, 19) , disorganization of host subcellular structure (7, 14) , and appearance of hydrolytic enzymes such as acid phosphatase (12) Electron micrographs of thin sections of mammalian cells show that the infectious small chlamydial cell is ingested within a phagocytic vacuole bounded by a membrane derived from the plasma membrane of the host (4, 7, 10, 13, 16) . As the chlamydial inclusion grows in size by multiplication of the large vegetative cells arising from the initially phagocytosed small cell, the unit membrane surrounding the inclusion also grows and remains intact until late in the developmental cycle, by which time the inclusion has enlarged several hundredfold. The observation critical to understanding the origin of the inclusion membrane was that, in the presence of cycloheximide to block synthesis of host proteins, none of the proteins made by C. psittaci equilibrated on discontinuous sucrose gradients at densities to be expected of such membranes, although chlamydial inclusion development proceeded normally. This means that (i) C. psittaci-synthesized proteins did not detectably contribute to the structure of the inclusion membrane, and (ii) the inclusion membrane could be formed in the absence of new host protein synthesis. The second conclusion is in harmony with the observation that, in L cells infected with C. psittaci but not treated with cycloheximide, synthesis of new host membrane proteins ceased 20 hr after infection, although the chlamydial inclusion continued to enlarge well after this point in the developmental cycle. It can be estimated that the surface of the inclusion membrane, even in multiply infected host cells, is of the order of only 10% of the surface of the L cell itself. Therefore, it does not seem unlikely that the cytoplasmic inclusion membrane might be made from precursors already present in the host cell at the time of infection, or that preexisting membranous structures might be used for enlarging the inclusion membrane. It is not known whether the assembly of the inclusion membrane is directed by the host or by the parasite.
